( l^l ) 



«'-tMa««iMi(iaaiMiHii 



Mr 



VIIL An Account of a Catadioptrick, Telefcope^ made- 
^j John Hadley, £/^; K J(. 5. With the T>e^ 
fcription of a Machine contriVd by him for the 
applying it to ufe. 



TH E Inftrument confiifts of a metalline Speculum, 
about fix Inches in Diameter. The Radius of 
the Sphere, on which its concave Surface was ground, 
is ten Feet, five Inches and one quarter, and confequent- 
ly its focal Length is 62 I Inches. The Back has a 
hollow Screw made at its Centre, to receive the End of 
a Handle, which is fcrew'd on, whenever the Metal is 
to be moved, in order to avoid fuUying its poliih'd Sur- 
face by handling. 

This Objed-Metal A, P/. 11. Fig. i. is placed in one 
End of an odangular Tube, B B, about fix Feet long, and 
fomething wider than what is fufficient to receive the 
Metal, dyed black on the Infide. About fix or feveni 
Inches in Length of the three uppermoft Sides of the 
Tube C, (toward that End, at which the Metal isplac'd) 
arefeparated from the reft, and open with two Hinges, 
to make room for the Metal to be put in and taken out. 
The End of the Tube is ciofed by an odangular Piece 
of Board D, which has an opening^, about | of an Inch 
broad, from the Top down to a little bei :^w the Centre, 
to give room for the beforemention^d Handle, when 
the Objed-Metal is lifted into or out of the Tube^ at 
other times it is ciofed with a Aiding Shutter. The 
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Metal is placed fo, as to Iiave its Axis coincide with that 
of the Tube, by the means of three fmall Buttons fix'd 
to the Infide of the Tube, having their hinder Ends all 
in the fame Plane, to which this Axis is perpendicu- 
lar. Two of thefe appear at a ia?,. the third being at the 
middle of the Bottom of the Tube, is not feen. The 
forefide of the Metalreftsagainfl: thefe Buttons in three 
Points of its Circumference, nearly equidiftaitt^^^ fr 
each other, and is held to them by three Screws^ (one 
of which appears at F) which run through the oftan- 
gular Board at the End of the Tube, and bear againft 
the Back of the Metal, (in three Points, which diredly 
anfwer thofe three on the forefide) with juft fo much 
Force, as is requifite to keep,it fteady in its^ Place. They 
mull not be fcrew'd harder againft the Metai for Fear 
of bending it, which (tho' it is half an Inch in Thick- 
nefs) a very little Force is fufHcient to do. When the 
Inftrument is not ufed, thefe Screws are loofen'd; and 
the Objed-Metal is taken out and laid by, to prevent' 
its tarniftiing. 

The oval Plane is composed of a Plate of the fame 
Metal with the great Specuhm^ about t} or t-^ of an 
Inch in Thicknefs, folder^d on the Back to another 
of Brafs. Its Breadth is fomething lefs than half an 
Inch, and is in Proportion to its Length as i toV 2. At 
one End of the Oval, the Brafs Plate projeds a little be- 
yond the other, and has a Screw cut through it in that 
Fart, as likewife another diredly againft the Centre of 
the forefide. The other End is cyphered away on the 
Backfide, that it may intercept as few of the Rays, in 
their Paflage towards the Ob jed-Metal, as is poflible. 
The two Screw-holes in the Back ferve to fix this Oval 
A, Fig. 2. to a Brafs Arm, B, which is faftened at 
the other End into a Slider EE. Fig. i. and 2. This 
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Slider is of ati equal Thicknefs with the Side of tlie 
1 ibe, and has a Groove, G G, F/^. i.. cut for it in that 
Side, parallel to the -dfAf/V, and long enough to gke 
room far its Motion, to fet the two Specula at the diffe- 
rent Diftances, which the feveral Eye-GlafTes require. 
It refts on the Infide againft two thin Ledges, ,faftened 
within the Tube along the Sides of the Groove. Oil 
the Outfide it is kept in its Place by a Hiding Shutter,, 
not exprefled in the Figure. In the Middle it has a 
Cylindrick Cavity, D, Fig. 2. whofe Axis is exadly 
perpendicular to its inner and outer Surfaces. Each of 
the Boxes, in which the Eye-GlafTes are contained, is 
fitted to this Cavity.- The befortnention'd Brafs Arm 
is fix'd into the Infide of this Slider, towards the End 
fartheft from the Objed-Metal ^ it rifes perpendicular 
for about two Inches, and is made flat, fo as to turn one 
Edge to the Rays, which come from the. Objed. About 
^, it is bent forwards and flatted the other Way, fa 
that when the Back of the oval Plane is held fiat to it, 
by the two Screws cc, tliQ Axis of the Cylindrick 
Cavity may fall on the Centre of its forefide, inclined 
to its Surface in an Angle of fomething lefs than fourty 
five Degrees. This Angle is brought to be exad by 
two very fmall Screws, i i, whofe Threads take hold 
in the flatted End of the Brafs Arm, and their Points 
bearing againft the Back of the Oval, raife one End of it 
a little from the flat of the Arm. The Specula are fet 
at their due Diftance, by turning of a long Screw, C C^ 
for which there is a Nut lodged in the Slider at^^ the 
Screw is kept from moving backward or forward, when 
'tis turned, by a Brafs Plate, F, which is to be fix'd to 
the flat End of the Side of the Tube, and taken off at 
Pleafure. Each of the Eye-Glafs Boxesj H, has a 
Screw on the outward End, to fallen to it a Bowl, or 
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Difli, I, to receive the Ball of the Eye, and guard it 
from external Light 

On the Top of the Tube is fix*d, on twofmall Pcde- 
flaK a common Dioptrick Telefcope, H, f/^. !• about 
cighteeen Inches long, its Axis parallel to that of the 
Tube 5 and having two Hairs piac*d in the common 
Focus of its Objed and Eye-GlalTes, crofling one an- 
other in its Axis. 

There are three convex Eye-Glafles belonging to the 
Inftrument. The firft, or (hallo weft, has its focal Di- 
ftance of about |. of an Inch ^ the fecond, of tI , and 
the deepeft, of 14, or fomething lefs. When the firft 
of thefe is ufed with the Inftrument, it magnifies about 
1 88, or 190 times, in Diameter , with the fecond, about 
2c8 5 and with tlie third, 228 or 230. Each of thefe 
GlalTes has placed, in that Focus neareft the Oval, a 
Circle to determine the Part of the Objed {ten at one 
View 5 and in the other Focus toward the Eye, a Brafs 
Plate with a little Hole in the middle, to let no Light 
pafs to the Eye from the Infide of the Tube, but what 
comes from the Oval. Befides thefe three convex, there 
are two concave Eye-Glaffes, with which it magnifies 
about 200 and 220 times 5 and alfo a Sett of three 
Convex, which turn it into a Day Telefcope, magni- 
fying about 125 times. The Aperture is limited by a 
Circle of Card, or Paftboard, placed before the Ob- 
jed-Metal in the Tube. To vary the Aperture there 
are three of thefe Circles, and the Apertures allowed 
by them are five Inches and an half, five Inches, and 
four and an half, tho* for fome Objeds the whole Me- 
tal may be left open. 

The Engine made ufe of to dired the Tube to any 
Objed, confifts of a ftrong Plank, FF, Fig. i. and 5. 
about fourteen Inches wide, and two Feet and an half, 
or three Feet long, which ferves as a Foundation for 
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the whole* Near one End of this Plank is placed an 
upright fouriided Box, III, Fig. i. and 3. about two 
Feet high, narrower at the Back next the End of the 
Plank than before : Its two Sides are mortifed both in- 
to the Plank below, a a^ Fig. 3. and into the Top of 
the Box above, dd^ the back and fore Part are faften'd 
to the Edges of the Sides with Wood-Screws. The 
Top has a circular Hole cut in it, fomething above 
three Inches in Diameter, whofe Centre is about three 
Inches diftant from the outfide of the Back, and at an 
equal Diftance from the two Sides. This Hole gives 
Paffage to a turning Pillar B, in the Bottom of which 
there is fix'd an Iron Pivot c, to turn in a thick Brafs 
Plate lodged in the Plank, ^. The upper End of the 
Pillar rifes about an Inch and an half above the Top of 
the Box, and is mortifed into a ftrong Head, K, Fig. i. 
and 3» about eight Inches in Length, and four or five in 
Breadth and Thicknefs. This Head carries two Cheeks, 
L L, about thirteen or fourteen Inches in Height, their 
hinder Edges, towards the lower End, extending five In- 
ches beyond the Axis of the Pillar backward. Along 
theBack of thefe Cheeks, at equal Diftances above one 
another, there are Notches, tending obliquely down- 
wards, and anfwering one another in each Cheek, to 
receive the Pivots of a crooked Iron Jxis^ C, Fig.^. 
on which the Tube is placed. The Notches are made 
at different Heights, to keep the Eye-Glafs at a proper 
Height for the Eye, in different Elevations of the Ob- 
jeft above the Horizon. The Figure of the ^xis an- 
fwers that of the three under Sides of the Tube. The 
Jw of the Tube lies about two Inches and an half 
higher than the Jxis of the Motion upon thefe Pivots, 
and the Centre of Gravity, when the Objed-Metal is in, 
is about three Inches backwarder. To keep the Tube 
from flipping back, when its fore End is raifed^ it has 
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two Buttons fixed to it, wliich reft agalnft tlie fore Part 
o£ the Ami. 

To keep the Pillar from touching any of the Sides 
of the round Hole, in which it turns, a Cylindrick 
Seftor, containing about 65*^ or 70% and about an Inch 
in Height, is cut out on the back Part of the Pillar, near 
the upper End D, In the fquare Angle of this Cavity 
is fix'd a thin Steel Plate §a^ bent crofs the middle to 
the fame Angle. The internal angular Edge, between 
the two Parts of this Plate, lies in the Axis of the Pil- 
lar, and turns upon the hardened Edge of a Wedgelike 
Iron, /, whofe Bafe, or Board Part, is faften'd with 
two ftrong Screws on the Top of the Box, diredly 
behind the round Hole beforemention'd. 

The upper Parts of the Cheeks are ftrengthened by 
two Brackets, GG^ leaving Room between thetii for 
the Bottom of the Tube to touch the upper Edge of 
the fore Part of the Head. The hinder Part of the 
Head is alfo hollowed, in the Manner reprefented in the 
third Figure, 

The Head on its fore Part carries a flat Arm, M, 
Fig. I. about twenty feven Inches long, a little taper 
towards the farther End, where it is four Inches broad. 
This is ftrengthened by a narrow Slip, glew'd edge- 
wife alongthe middle underneath, O, and alfo by a Brace 
or Stay, N, reaching from the turning Pillar to withia 
nine Inches of the End of the Arm. The Stay palTes 
through a tranfverfe opening cut in the fore Part of the 
Box, P, which is long enough to allow room for a fuf- 
ficient Motion of the Pillar round its Axis. 

On the other End of the Bottom Plank, tranfverfely 
to its Length, is ereded a Board about twelve Inches 
wide, and twenty fix or twenty feven high, d, the 
Top of it reaching within an Inch and an half of the 
under Side of the Arm. This Board is held firm in its 
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Pofition by a Spur, R, part of its upper End on the 
outfide is pared off toward the Edges, to form it into 
the Segment of a Cylinder, whofe Axis coincides with 
that of the Pillar. Its Ufe is to fupport a Reft, SS, on 
which the End of the flat Arm moves backward and 
forward* This Reft being apply'd tranfverfely to the 
outer Part of the upright Board, where it is made Cy- 
lindrick, is bent into the fame Figure, by the means 
of four Screw-Pins, two of which pafling through each 
End of this, and of another Piece of the fame Length, T, 
(but fomething narrower) placed over againft it on the 
infide of the Board, by their Nuts, draw them together, 
fo as to grafp the End of the upright Board between 
them '^ the upper Edge of the Reft being firft fhot with 
a Plane very ftrait and fmooth. To render the Mo- 
tion of the Arm along the Reft fmooth and eafy, it 
has two Rollers lodged in a Box fix'd near to the End, 
on its underfide, V, to roll upon the Edge of the Reft, 
when the End of the Arm is moved along it. One of 
the Rollers is placed near each Edge of the Arm, and 
their Axes lye in Lines pafung through the Axis of tlie 
turning Pillar. The Reft is kept up to them, with a 
proper Degree of Force, by two Screws, W W, which 
run in two Plugs, XX, faftened on the Sides of the up- 
right Board, and bear againft the under Sides of two Pieces 
fix'd on the Iniide of the Reft. 

The Motion of the Tube is governed by two Brafs 
Pegs, Y and Z. The firft of thefe, Y, is placed about 
10 or II Inches from the End of the Arm, and has a 
Line wound round it, which paffing under a fmall Pul- 
ley, j^ fixM in a vertical Pofition near the End of the 
Arm, is faftened to a Staple on the under fide of the 
Tube g. This Line, by the turning of the Peg, brings 
the fore End of the Tube to its due Elevation, being 
aded againft by the Excefs of Weight in the hinder End 
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of the Tube, when the Metal is in it^ which is equivalent 
to about two Pound at g^ where the Line is faflened. 
In great Elevations of the Objed above the Horizon, the 
Line is not carried fo far as the Point ^^ but is faften'd 
a little above the Pulley, to a light fquare Stick, h, 
having at one End a Hook, by which it takes hold of 
the Staple g. This is done, that the Springynefs of the 
Line may not continue a vibrating Motion in the Tube, 
(when any thing happens to fliake the Inftrument) and 
make the Objed appear to tremble. The lower Part 
of the Stick refts againft the end of the Arm, and by 
its flight Friftion contributes to the fameEfFed. 

The other Peg, 12:^, is fo plac'd, that it may be con- 
veniently reached by one Hand of the Obferver, while 
the other is employed about the Peg Y: It regulates the 
Horizontal Motion of the Tube, by means of a Line, 
which being wound about the Peg at one End, paffes 
by another fmall Pulley placed clofe by the Side of the 
aforementioned one in an Horizontal Poftu re (not to be 
feen in the Figure) and is hung on a Pin driven into 
the little Head K. It is aded againft by two Springs, m 
and w Pig. 3. placed in the Box, III, one on each Side 
of the turningPillar ^ that on the right Hand, m^ draws 
the right Side of the Pillar forward, by a very ftrong 
Line, which being faftened to the Head of the Spring, 
paffes round the back Part of the Pillar to a Pin, at P, 
by which it is ftrain^d to its due Strength. The Spring 
on the Left Hand «, draws the Left Side of the Pillar 
backwards in the fame manner. Thefe Pins are plac'd 
on the Pillar a little higher than the Tops of the Springs, 
that being drawn a little downwards, as well as turned 
round its Axis, the Pivot in its Bottom may not be 
raifed out of the Hole in the Brafs Plate, when the Reft 
bears hard againft the Rollers at the End of the Arm. 
Each of thefe Springs draws with a Force equal to about 
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1 8 or 10 Pounds Weight, when the End of the Arm 
is carried clofe to the fmali Head^, Fig. i. and confe- 
qaently (the Semidiameter of the Pillar being an Inch 
and Half, and the Diftance of that Head from the Axis 
about 28 or 29 Inches) the End of the Arm will be car- 
ried by the united Forces of both the Springs, towards 
the other End of the Reft, with a Force equivalent to the 
Weight of about two Pounds. Each of the Pegs,Y and Z, 
turns in a Hole made in a Piece of Wood ./, faftned to 
the under Side of the Arm ^ and the Pieces being flit with 
a Saw from one End through the Hole, and about half 
an Inch beyond it, the feparated Parts are drawn to- 
gether by a Skrew m, till the End of the Peg is griped 
between them, with a due Degree of Force. By thefe 
Pegs, with the help of the Telefcope H, the Tube is 
eafily direded to any Objed, and made to accompany 
a Celeftial one in its Diurnal Motion, while the End of 
the Arm moves the whole Length of the reft. 

If it be deiired, that when the Objed is found, the 
turning of one Peg ftiould carry the Tube along with 
the Motion of the Heavens, fo as to keep the Objed al- 
ways in fight 5 this may eafily be effeded in various 
Manners. 

The concave Surface of the Objed-Metal has many 
little Spots in it, which could not be brought to take 
a Polifh. In one, or two Places, the Metal itfelf 
feems to have fome fmall Parts, fomething harder or 
fofter than the reft, occafioning an irregularity in the 
Figure of the Metal about them. But thefe Parts being 
fmall, in Proportion to the whole, do not feem conli- 
derably to affed the Diftindnefs of the Appearance. 

The open Air has commonly an undulating Motion 
in Its Parts, efpecially in the day time, which occafions 
the Rays of Light to defied a little from theftrait Lines, 
in which they ought to move, in order to render the 
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species perfedly diftind. The Effed of this, though 
infenfible to the naked Eye, or even through a fmali 
Telefcope, becomes confiderable, when the Object is 
very much magnified. The Inftrument, when try'd at 
an Objed enciofed, fo as to fecure it from this Inconve- 
nience, feems to bear an Aperture of five Inches and an 
half, with the deepeft oftheforementioned Eye-Glalfes^ 
as well as the common Telefcopes do the ufual Charo-e 
and Aperture given to them, except that in thefe the 
Ob jeds appear a little brighter. 

Fig.t. Reprefents the Inflrument placed on the Ma- 
chine, in order to be apply 'd to Ufe. 

Fig. 2. Reprefents the Infide of the Slider, with the reft 
of the Apparatus belonging to the oval Plane and 
Eye-Giafs. 
/g. 5. Reprefents the hinder Part of the Machine, the 
Back, and one lide of the Box, being taken away, 
to fhew the turning Pillar and Springs on the Infide. 
4. Re^xeknts Saturn^ as it appeared mjune^ij20.^ 
hy this Telefcope. 
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